In order to determine how cortisone might be used with the greatest practical value as a therapeutic agent for patients with a chronic illness such as rheumatoid arthritis, clinical studies were undertaken to observe the result of relatively small doses with definite anti-rheumatic effect given over a period of one year or more. As judged by clinical findings, some patients with rheumatoid arthritis tolerated well the prolonged use of cortisone, while others did not. Laboratory tests to determine the responsiveness of the human adrenal gland to stimulation by carticotropin, shortly after discontinuance of prolonged cortisone treatment, showed a satisfactory physiological response in the majority of the patients. In parallel with these observations, animal studies were conducted to determine whether daily injections of cortisone acetate for a period of time comparable to one year in man would produce irreversible structural changes in the rat adrenal gland.
In order to determine how cortisone might be used with the greatest practical value as a therapeutic agent for patients with a chronic illness such as rheumatoid arthritis, clinical studies were undertaken to observe the result of relatively small doses with definite anti-rheumatic effect given over a period of one year or more. As judged by clinical findings, some patients with rheumatoid arthritis tolerated well the prolonged use of cortisone, while others did not. Laboratory tests to determine the responsiveness of the human adrenal gland to stimulation by carticotropin, shortly after discontinuance of prolonged cortisone treatment, showed a satisfactory physiological response in the majority of the patients. In parallel with these observations, animal studies were conducted to determine whether daily injections of cortisone acetate for a period of time comparable to one year in man would produce irreversible structural changes in the rat adrenal gland.
Method of Study Material.-Albino rats of the Sherman strain, 3 months old, were used. All animals were obtained from the dealer at the same time. The female rats weighed 190 to 240 g., and the males 190 to 260 g. All rats were housed under the same conditions and were given water and a complete Rockland stock diet ad libitum, with the exception that in one series food was restricted to provide undernourished control animals. The cortisone acetate used in these studies was the usual suspension (25 mg./ml.) injected intramuscularly into arthritic patients. The diluent employed for control was the vehicle used by the manufacturer for suspending the cortisone acetate, a saline solution containing suspending agents and 1 *5 per cent. benzyl alcohol.
Experimental Animals.-Intramuscular injections of cortisone acetate were given to 25 male and 25 female rats. On the first day they received 9 mg. cortisone acetate in 0 6 ml. of the suspending vehicle, and on each of the succeeding 10 days each rat received 3 mg. steroid in 0-2 ml. vehicle. The total amount of cortisone acetate given during this 1 1-day injection period was 39 mg. to each rat. The daily dose of 3 mg. was calculated to be ten times the equivalent of a human daily dose of 100 mg., based on comparative average body weights. Control animals were also injected for 11 days, subsequently referred to as "the injection period".
The cortisone-treated rats were divided into five groups of ten animals each, with five males and five females in each group. Each, group was killed at different intervals after the last injection: 1, 3 5, 7, 14, and 30 days.
Controls.-A group of 66 rats, 33 male and 33 female, used as controls, was divided into three series:
Series I, 4 males and 4 females, untreated, served as controls for growth and development over the 41-day period of observation (11 days of injection and 30 days of recovery).
Series II, 16 females and 16 males, were injected intramuscularly with the diluent only. These animals received 0 6 ml. diluent on the first day and 0 2 ml. daily on each of the succeeding 10 days. This series was divided into four equal groups, and one group was killed at each of four different periods after the last injection: 1, 7, 14, and 30 days. Series III, 13 males and 13 females were not 217 injected and were fed a restricted diet so that the weight of each rat in this series was paired with that of a rat of the same sex in the cortisone-treated rats (Series IV). The animals in the three groups of this series were killed at 1, 7, and 30 days after the injection period.
Procedure.-All rats were weighed every second day. They were killed rapidly by the inhalation of coal gas for one minute. Autopsies were performed at once, and the adrenal glands were the first organs to be removed. After separation from the surrounding fat, the glands were weighed immediately on an analytical balance and fixed in 10-per cent. formalin. Histologic sections 15 ,u thick, were prepared from the mid-portion of the left adrenals according to the frozen section technique, and were stained with Sudan IV. The right adrenal glands were embedded in paraffin and sectioned serially, and representative samples were stained with haematoxylin and eosin. The extent of structural changes in the adrenal glands was determined by weighing the glands and by study of the histologic alterations. The haematoxylin-eosin stain permitted comparisons to be made of the width of the cortex and the size and compactness of the cytoplasm of the cells in the fascicular and reticular zones. The Sudan IV stain indicated the amount of lipid present.
Results
Body Weight.-During the injection period all cortisone-treated rats showed a progressive decrease in body weight in direct proportion to the amount of cortisone injected (Fig. 1) . 24 hrs after the last injection the female rats had lost an average of 27 g. (13 per cent. of the pre-injection weight), and the male rats had lost an average of 23 g. (11 per cent. of the pre-injection weight). On the 7th day of the recovery period the males had reached their preinjection weight and then equalled the weight of the diluent controls. The females recovered more slowly; they reached their pre-injection weight on the 22nd day and equalled the weight of the diluentinjected rats on the 30th post-treatment day. At all times the weights of the diluent-treated control rats were less than those of the untreated controls.
Adrenal Weight.-At the end of the injection period the average weight of both adrenal glands of the cortisone-treated female rats (Series IV, Group 1) was 47 mg., which was distinctly less than the average (62 mg.),of the female inanitipn control rats, and the average (67 mg.) of the female diluentinjected control rats. The average weight of the adrenal glands of the cortisone-treated males was 23 mg., also distinctly less than those of the average inanition control male rat (40 mg.), and of the average male diluent-treated control rat (33 mg.).
On the 7th day of the recovery period, the average weight of the adrenal glands of the female rats in each series (diluent-injected controls, inanition controls, and cortisone-treated) ranged between 45 and 52 mg.; 30 days after treatment they ranged between 52 and 55 mg. The weight of the adrenals of all the males in each series at 7 days after treatment ranged between 34 and 38 mg.; at 30 days they ranged between 29 and 39 mg. The weight of the adrenals of the untreated control rats averaged 29 mg.
Ratio of Body Weight to Adrenal Weight.-Since the cortisone-treated male rats during the recovery period had a greater and more rapid gain in body weight than the female rats of that series (Fig. 1) , it was thought that a more accurate evaluation of the cortisone effect upon the adrenals could be obtained if the ratio of body weight to adrenal weight was considered rather than simply the weight of the adrenal glands (Fig. 2, opposite) . For ease in representation, the body weight-Adrenal weight ratio was divided by 1,000. The smaller the adrenal weight, the higher the ratio, and conversely, an increase in weight of the adrenal during recovery is indicated by a r,>NE lower ratio. It is evident that the ratio of body weight to adrenal weight in the rats NT___-------------which received cortisone reflects a greater cortisone male diluent-injected control rats. A reasonable interpretation of this is that the more rapid increase in the adrenal weight of the cortisone-treated male rat is not in proportion to the gain in its body weight. The ratio in the rats which were injected with diluent showed only slight fluctuation during the recovery period. Neither the cortisone-treated female rats nor the diluent-treated rats of either sex showed a change in ratio as marked as did the cortisonetreated male rats.
Histological Findings.-At the end of the injection period, the cortisone-treated male rats showed a loss of lipid and a narrowing of the adrenal cortex as compared with the male control rats (cf. Fig. 3 with Figs 4 and 5, overleaf). Both these changes were present on the 7th day of the recovery period, but, by the 14th day, the adrenals of the male rats revealed slightly more lipid than was observed in the inanition control animals (Fig. 4) , and the diluent control animals (Fig. 5) .
At the end of the injection period, the adrenal glands of the cortisone-treated female rats showed slightly narrowed cortices and less sudanophilic substance than those of their inanition controls. These glands were also larger and paler; 3-5 days later the cortices were narrowed but showed somewhat more sudanophilic substance than those of the inanition control rats; 7 days later the adrenal glands of the female rats were normal.
The decrease of sudanophilic substance in the adrenals of cortisone-treated rats appeared first in the inner half of the cortex and later in the remainder. In those rats which showed the greatest cortisone effect the adrenal glands usually had a sudanophobic zone several cells wide in the juxta-glomerular region of the fascicular zone. The adrenal glands of the cortisone-treated female rats tended to be larger than those of the treated male rats, and had larger, paler fasciculata cells with looser cytoplasm; they revealed a sharper demarcation between the glomerulosa and fasciculata zones and had more sudanophilic substance. The adrenal glands from treated males always revealed less lipid than the glands from similarly treated female rats. Discussion
It is difficult to relate many studies of the effects of cortisone in small laboratory animals to clinical experiences, because of the comparatively large doses of steroid often used in the animal investigations. Our studies have been conceived to employ doses in animals more comparable to doses used in patients. In attempting to make the animal studies more accurately parallel clinical observations, the amount of steroid injected into the rat is important. Other investigators have reported loss of adrenal weight in cortisone-treated rats. Winter, Silber, and Stoerk (1950) reported that in male white rats which had received daily subcutaneous injections of 3 mg. cortisone acetate for 10 days, "the adrenal glands lost about 40 per cent. of their weight". It is inferred that this was in reference to adrenal gland weight of their control rats. Lewis, Rosemberg, and Wilkins (1950) injected female albino rats with 1-25 mg. cortisone acetate daily for 20 days and found that the adrenal glands were 32 per cent. smaller than in normal controls. In our study, the adrenal glands of cortisone-treated rats of both sexes at the end of the injection period weighed 29 per cent. less than those of control animals. However; when the adrenal weight loss was related to body weight loss at the end of the injection period there was a sex difference. Although the number of animals in our untreated growth control series (I) was small, the work of Hatai (1913) in which he related adrenal gland weight to body weight in normal male and female albino rats, supports our present findings. He showed that after the body weight reached 30 g., the adrenal glands of female rats consistently weighed more than the adrenal glands of male rats of the same body weight. Thus there is a normal sex difference in the adrenal weight of the albino rat, but this difference may be accentuated by cortisone-induced atrophy.
There was also a sex difference in the histological changes induced by cortisone in the rat adrenal glands. The male rats showed a greater loss of lipid. Winter, Silber, and Stoerk, working with male rats, reported 'virtually complete loss of lipid". In addition, a sex difference was noted in the rats at which the adrenal atrophy became reversed. Histologically the female rat adrenal was normal at 7 days after the last injection of cortisone, while the male rat adrenal had not returned to normal until the 14th day of the recovery period. Stebbins (1950) , using male rats only treated by daily subcutaneous injection of 3 mg. cortisone acetate for 10 days and for 40 days, noted adrenal gland recoverv within 17 days after cortisone was stopped.
We are cognizant of the fallacy of assuming that because the rat adrenal recovers completely from the effect of cortisone administration that human adrenal changes associated with cortisone therapy would certainly be reversible. However, Sokoloff, Sharp, and Kaufman (1951) reported no histological abnormality in the adrenals of a patient with rheumatoid arthritis who had received 16-7 g. cortisone, and died 19 days after steroid therapy was discontinued. O'Donnell, Fajans, and Weinbaum (1951) reported evidence of the reversibility of adrenal atrophy in a man with generalized scleroderma who received 1,050 mg. cortisone during a 12-day period, but who had received none for 17 days prior to necropsy.
Although the number of animals used in this experiment and the human findings to date are too few to draw an indisputable conclusion, it does seem apparent from the material here presented that the administration of high doses of cortisone has a similar effect upon the adrenal glands of rats and of man. It seems equally apparent that a few weeks after the withdrawal of the steroid the adrenal in both the rat and man no longer shows atrophy, thus indicating that the effect of cortisone is reversible.
Summary
The administration of cortisone acetate daily for 11 days to mature albino rats resulted in a decrease in body weight. The weight of male rats returned to the pre-injection level 7 days after treatment was stopped; the female rats required 30 days to regain their weight after discontinuation of cortisone. Untreated (control) animals showed essentially normal weight.
At the end of the injection period, the adrenal glands of the cortisone-treated rats of each sex weighed 29 per cent. less than those of the diluent control animals. The ratio of body weight to adrenal weight at the end of the injection period was greater in the male than in the female rats, and it continued so throughout the recovery period up to 30 days, when the experiment was concluded. During recovery, the weight of the adrenal glands in the male animals increased more rapidly than body weight, giving a low ratio at 7 days.
The effect of cortisone upon the histological changes in the adrenal glands was greater in degree and of longer duration in the male than in the female rats. Narrowing of the adrenal cortex and decrease in lipid content in the cells were still present in the male rats on the 7th day of recovery, at which time the appearance of the adrenals of the female had returned to normal.
These changes in body weight and in the histology of the rat adrenal glands were completely reversible. Recovery occurred more quickly in the female than in the male rats. 
